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Abstract. In this paper we introduce the concept of in- 
terval valued neutrosophic soft topological space together 
with interval valued neutrosophic soft finer and interval 
valued neutrosophic soft coarser topology. We also de- 
fine interval valued neutrosophic interior and closer of an 



interval valued neutrosophic soft set. Some theorems and 
examples are cites. Interval valued neutrosophic soft sub- 
space topology are studied. Some examples and theorems 
regarding this concept are presented.. 
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1 Introduction 

In 1999, Molodtsov [9] introduced the concept of soft 
set theory which is completely new approach for modeling 
uncertainty. In this paper [9] Molodtsov established the 
fundamental results of this new theory and successfully 
applied the soft set theory into several directions. Maji et al. 

[7] defined and studied several basic notions of soft set 
theory in 2003. Pie and Miao [11], Aktas and Cagman [1] 
and Ali et. al. [2] improved the work of Maji et al [7], The 
intuitionistic fuzzy set is introduced by Atanaasov [4] as a 
generalization of fuzzy set [15] where he added degree of 
non-membership with degree of membership. Neutrosoph- 
ic set introduced by F. Smarandache in 1995 [12]. 
Smarandache [13] introduced the concept of neutrosophic 
set which is a mathematical tool for handling problems in- 
volving imprecise, indeterminacy and inconstant data. Maji 

[8] combined neutrosophic set and soft set and established 
some operations on these sets. Wang et al. [14] introduced 
interval neutrosophic sets. Deli [6] introduced the concept 
of interval-valued neutrosophic soft sets. 

In this paper we form a topological structure on inter- 
val valued neutrosophic soft sets and establish some prop- 
erties of interval valued neutrosophic soft topological 
space with supporting proofs and examples. 

2 Preliminaries 

In this section we recall some basic notions rele- 
vant to soft sets, interval-valued neutrosophic sets and in- 
terval-valued neutrosophic soft sets. 



Definition 2.1: [9] Let U be an initial universe and E be 
a set of parameters. Let P{U ) denotes the power set of U 

and Ac£ . Then the pair (/.A) is called a soft set 
over!/ , where f is a mapping given by / : A — > P(U) . 

Definition 2.2: [13] A neutrosophic set A on the universe 
of discourse U is defined as 

A = |(x,// a (x),^ a (x),J a (x)):xg[/} , where 

Pa > Ya > 8 a '■ U ►] 0,1 [ are functions such that the 
condition: VxeU, 0< p A (x) + y A (x) + S A (x)<3* is 

satisfied. 

Here p A (x),y A (x),S A (x) represent the truth- 
membership, indeterminacy-membership and falsity- 
membership respectively of the element x e U . From 
philosophical point of view, the neutrosophic set takes the 
value from real standard or non-standard subsets of 

] 0, l + [ . But in real life application in scientific and 
engineering problems it is difficult to use neutrosophic set 
with value from real standard or non-standard subset of 

] 0, 1[ . Hence we consider the neutrosophic set which 
takes the value from the subset of [0,1], 

Definition 2.3: [14] An interval valued neutrosophic set 
A on the universe of discourse U is defined as 
A = j(x,/r A (x),x A (x),S a (x)) : x e {/} , where 

jit A , y A , S A :U — > Int] 0, 1 [ are functions such that the 
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condition: 

Vxet/, ~0< supp A [x) + supy A (x') + supd A {x)<?f is 
satisfied. 

In real life applications it is difficult to use 
interval valued neutrosophic set with interval-value from 

real standard or non-standard subset of /nt(] _ 0,l + [J . 

Hence we consider the interval valued neutrosophic set 
which takes the interval-value from the subset 
of 7«r([0,l]) (where Ini ([O. l] j denotes the set of all 

closed sub intervals of [0, l] ). The set of all interval valued 

neutrosophic sets on U is denoted by IVNS(U). 

Definition 2.4: [6] Let U be an universe set, £ be a set of 
parameters and Ac E . Let IVNs(U) denotes the set of all 
interval valued neutrosophic sets of U . Then the pair 
(/,A) is called an interval valued neutrosophic soft set 
(IVNSs in short) over U , where / is a mapping given 
by / : A — > IV Ns ( U ) . The collection of all interval valued 
neutrosophic soft sets over U is denoted by IVNSs(U). 

Definition 2.5: [6] Let U be a universe set and £ be a 
set of parameters. Let (/, A),(g,B) e IVNSs ( U ) , where 
/ : A—> IVNs (U ) is defined by 

/(«) = {(*» Mf {a) (x),r f{a) (x), 8 f(a) (*)):* e £/} 
and g : B — » IVNs (U ) is defined by 

g{b) = {{x,H g{f>) (x),r g{b) (• x),S g{b) (x)) : X e £/} 
where 

Vf(a) ( J ) ’£/(«) {x)’ s f(a) ( x )’M sW (*)> r sW (x),d tM (x) e 7nf([0,l]) 
for X £ U . Then 

(i) (/,A) is called interval valued neutrosophic subset of 
(g,S) (denoted by (/, A) c (g,B) ) if Ac8 and 

Mf {e) (*): * M g{e) {x) , r m {x) > r g(e) {x) , 

8 f ,, (x) > S g ,s (x) V<? e A , Vx e U . Where 



B f(e] {x)<ii g(e) {x) 
supju f{e) ^ supjU g[e) 


iff 


inf p f(e) < infp g(e) 


and 


r f(e] {x)>y g(e) {x) 
SU PY /( e ) ^ SUpYgfi) 


iff 


infy f(e) > infy g{e) 


and 


S fV){x)^S M (x) 

supS f{e) > supS g(e) . 


iff 


infS f{e) >infS g{e) 


and 



(ii) Their union, denoted by (/, A) = (/z,C) 

(say), is an interval valued neutrosophic soft set over U , 
where C — A'J B and for eeC, h.C—> IVNS (£/) 
is defined by 

h 0) = {(*• B h(e) (x),y h(e) {x),S h(e] (x)) :xeu] .where 



for X^U , 



Bk(e) ( X ) = 



r*.) M = 



5 H(e) ( X ) = 



Bf(e) W 

B g (e)(x) 

Pf(e)( X ) V P t (.)( X ) 

r f (e) (x) 

r*)( x ) 

r f{e) (x)*r g w (*) 

5 f(e){x ) 

5 m( x ) 

Aw( x ) a ^w( x ) 



if e £ A- B 
if e £ B- A 
if e e An B 

if e £ A- B 
if e £ B - A 
if e g Ac\B 
if e £ A- B 
if e £ B - A 
if e g Ac\B 



(iii) Their intersection, denoted by ( / , A ) n ( g , B ) = {h, C) 
(say), is an interval valued neutrosophic soft set of over U , 
where C = AnB and for e e C , h : C — » IVNS ( U ) is 
defined by 

h(e) = {{x,p h(e) (x),y h(e) (x),S h{e) (x)):xeu} , where 
for x e U and e e C , 

B h{e) (x) = M f( .) (x) a p g{e) {x),y h(e) (x) = y f(e) (x) v y g(e) (x) 
and 8 h{e) (x) = S f{e) (x)vS g{e) (x). 

(iv) The complement of( / , A j , denoted by (/, A ) 
is an interval valued neutrosophic soft set over U and is 
defined as (/,A) =^/ f ,lA) , where 

f c :lA — > IVNS (U ) is defined by 

/"(«) = {(x,d na) (x),[l-supy fM (x),l-infy Ha) {x)\p f(a) (*)) :.«(/) 

for a £ A . 



Definition 2.6:[5,6] An IVNSs (/, A) over the universe U 
is said to be universe IVNSs with respect to A if 

Vx e U ,'X/a e A . It is denoted by I . 
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Definition 2.7: An IVNSs (/. A j over the universe U is 
said to be null IVNSs with respect to A if Mf( a ) ( x ) = [0,0] , 

^ x ^U,VasA . It is 

denoted by (/> . 

3 Interval Valued Neutrosophic Soft Topological 
Spaces 

In this section, we give the definition of interval valued 
neutrosophic soft topological spaces with some examples 
and results. We also define discrete and indiscrete interval 
valued neutrosophic soft topological space along with 
interval valued neutrosophic soft finer and coarser topology. 

Let U be an universe set, E be the set of 

parameters, ' ' be the set of all subsets of U, IVNs(U) 

be the set of all interval valued neutrosophic sets in U and 
IVSNs(U;E) be the family of all interval valued 
neutrosophic soft sets over U via parameters in E. 

Definition 3.1: Let ( C, A , E j be an element of IVNSs(U;E), 

p ( £ A , E ) be the collection of all interval valued 
neutrosophic soft subsets of ( C, A , £) . A sub family r of 
p ( C A , E ) is called an interval valued neutrosophic soft 
topology (in short /VTV.S’-topology) on (C, A ,E ) if the 
following axioms are satisfied: 

(i) 

(ii) {(/ A \£):£eldcr=> U (fl,E) er 

ksK 

(iii) If ( g A ,E),(h A ,E)er then ( g A ,E)n(h A ,E)<=r 

The triplet {C, a ,E,t ) is called interval valued 
neutrosophic soft topological space (in short IVNS- 
topological space) over (<^ A , E) . The members of T are 
called r -open IVNS sets (or simply open sets). Here 
<j), : A— > rVNS(U) is defined as 

4.M-{W°.0],[U],[1.1]) :xe L/ } Vee A. 

Example 3.2: Let U ={u v u 2 ,u 3 } , E = {e I ,e 2 ,e 3 ,e 4 J , 
A — {e l ,e 2 ,e 3 J . The tabular representation of ( C A , E ) 
giv en by 



u 


e i 


e 2 


Ul 


([.5,.8],[.3,.5],[.2„7]) 


([.4, .7], [.2, .3], [.1,3]) 


u 2 


([•4,.7],[.3,.4],[.1,.2]) 


([•6,.9],[. 1,.2],[. 1,.2]) 


u 3 


([•5,1], [0,.l], [.3, .6]) 


([.6,.8],[.2,.4],[.1„3]) 



e 3 

([•3,.9],[0,.1],[0,.2]) 

([•4,.8],[. 1 ,.2],[0,.5]) 

([•4„9],[.1,.3],[.2„4]) 



Tablel: Tabular representation of 



The tabular representation of (<j> , E 'j is given by 



U 


e i 


e 2 


Ul 


([0,0], [1,1], [1,1]) 


([0,0], [1,1], [1.1]) 


u 2 


([0,0], [1,1], [1,1]) 


([0,0], [1,1], [1,1]) 


u 3 


([0,0], [1,1], [1,1]) 


([0,0], [1,1], [1.1]) 





e 3 






([0,0], [1,1], [1,1]) 
([0,0], [1,1], [1,1]) 
([0.0], [1,1], [1,1]) 


Table2: Tabular representation of 


,E) 


The tabular representation of ( 


/a , E ) is given by 


U 


ei 


e 2 


Ul 


([.1,.7],[.4„8],[.3,1]) 


([.1„3],[.4„6],[.2„6]) 


u 2 


([.1„3],[.6,.7],[.2„8]) 


([0„5],[.5,.8],[.4,1]) 


u 3 


([.4,.8],[.6,.7],[.6„9]) 


([ 0„3],[.4„7],[.2„8 ]) 



e 3 

([.2, .5], [.8, .9], [.4, .9]) 
([0,.3],[.6,.9],[.1,.7]) 
([.!,. 3], [.6, .8], [.3, .7]) 

Table3: Tabular representation of ( f\,E ) 



The tabular representation of f A , E j is given by 



U 


ei 


e 2 


Ul 


([•4„7],[.5„7],[.4„9]) 


([.2, .3], [.4, .5], [.7,9]) 


u 2 


([.3„5],[.4„8],[.1„4]) 


([.4„6],[.3„5],[.2„5]) 


U 3 


([•3„9],[.1,.2],[.6„7]) 


([.5„7],[.6„7],[.3„4]) 




e 3 






([•3„7],[.5„8], 


.[1.2]) 




([■1,3], [.3, .5], 


,[.6, .8]) 




([.2, .6], [.3,5]. 


,[.5, .8]) 


Table4: 


Tabular representation of ^ f A , E 




Let 


(/;,£) = (/;,£)n(/;,£ 


j then the tabular 



representation of (/ A 3 ,£) is given by 
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u 


e i 


e 2 


Ul 


([■ 1,.7],[.5,.8],[.4, 1]) 


([•1,3], [.4,6], [.7,9]) 


u 2 


([.1,3], [.6, .8], [.2, .8]) 


([0,5], [.5,8], [.4,1]) 


u 3 


([.3,8], [.6,7], [.6,9]) 


([0,3], [.6,7], [.3, 8]) 







e 3 




([•2,5], [. 


0° 

vo 

4^ 

to 




([0,3 ], [.1 


5,9], [.6,8]) 




([. 1,.3],[. 


6,8], [.5,8]) 


Table' 


»: Tabular representation of yf*,Ej 


Let 


y 

11 

c 


, E j then the tabular 


representation of ( f* , E j is 


given by 


U 


e l 


e 2 


Ul 


([.4,7], [.4,7], [.3,9]) 


([.2,3], [.4,5], [.2,6]) 


u 2 


([.3, 5], [.4,7], [.1,4]) 


([.4,6], [.3,5], [.2,5]) 


u 3 


([.4,9], [.1,2], [.6,7]) 


([.5,7], [.4,7], [.2,4]) 



e 3 

([■3,.7],[.5,.8],[.1,.2]) 

([. 1,.3],[.3,.5],[. 1,.7]) 

([.2,.6],[.3,.5],[.3,.7]) 

Table6:Tabular representation of (/(. It) 

Here we observe that the sub-family 
r, ={(^, E),(C A , E),{f A ,E),{f A ,E),{fl E),(f*,E)} 
of fp ( , E j is a /VW.S'-topology on ( C A , E ) , as it satisfies 
the necessary three axioms of topology and (<^ A ,E,t) is a 
/VTVS-topological space. But the sub-family 
T 2 ={(t (A ,E),(C A ,E ), (/;,£),(/;,£)} of p{£ a ,E) is not an 

IVNS- topology on \,E ) , as the union 

( f A , E ) does not belong to r 2 . 

Definition 3.3: As every /VW.S'-topology on ( C, A , E j must 
contains the sets ( (j). , E\ and ( C, A , E j , so the family 
= >e)’( forms a /WVS-topology on 

y£ A ,E ) . The topology is called indiscrete TVAS-topology 
and the triplet (£ A ,E, is called an indiscrete interval 

valued neutrosophic soft topological space (or simply 
indiscrete /VWS-topological space). 



Definition 3.4: Let E, denotes the family of all IVNS- 
subsets of ( 4" , , E j . Then we observe that E satisfies all 
the axioms of topology on (£ a ,E) . This topology is called 
discrete interval valued neutrosophic soft topology and the 
triplet (£ a ,E,4) is called discrete interval valued 

neutrosophic soft topological space (or simply discrete 
/WV.S'-topological space). 

Theorem 3.5: Let |r i . : i £ /} be any collection of IVNS- 
topology on ( , /? ) ■ Then their intersection f] T) is also 

iel 

a /VTVS-topology on ( L , ,E). 

Proof: (i) Since , E^j ,(£ A , E^) e r i for each i’e / . 

Hence ,e\,{^ a ,E) £ fl T . 

' ' iel 

(ii) Let | [f A ,Ey.k s k\ be an arbitrary family 
of interval valued neutrosophic soft sets where 
(f A ,E) £ fl Tj for each k £ K . Then for each i £ I , 

( f A , E 'j £ z j for k £ K and since for each i £ I , ia a 
IVNS- topology, therefore (J (f A ,Ej£ z\ for each i e/. 
Hence U (/ a \e) e fir. . 

k<-K V 7 ie/ 

(iii) Let [f' A , e),(/ a \ fi) e f) r , then 

iel 

(f A ,E^,(f A ,E^J e r. for each i £ I . Since for each i £ I , 
Tj is an /V7V.S-topology, therefore ( f A , £ 1 n 
for each i £ I . Hence ( / ' 

ie/ 

Thus H r, satisfies all the axioms of topology. 

;<e/ 1 

Hence f) L forms a /WS-topclogy. But union of IVNS- 

id 

topologies need not be a /VTVS-tcpclcgy. Let us show this 
with the following example. 

Example 3.6: In example 3.2, the sub families 

T 3 ={(^,E),(C A ,E),(f^E)} and t a ={(</> Ca ,e), 

(£ A ,E),(f A ,£■)! are IVNS -topologies in (<E A , E) . But 
their union r 3 ur 4 = {(^ ,£),(^ a ,E),(/ a ‘,e),(/ a 2 ,e)} 
is not a IVNS-topology in ( C, A , E j . 

Definition 3.7: Let (£ a ,E,t^ be an /LV.S'-topological 
space over ( £ A , E j . An interval valued neutrosophic soft 
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subset (/ a ,£) of (C a , e ) is called interval valued 
neutrosophic soft closed set (in short /VW.S'-closed set) if its 
complement ( f A , E ) is a member of r . 



Example 3.8: Let us consider example 3.2. then the IVNS 
closed sets in (£ a ,E,t { ) are 


U 


e i 


e 2 


Ul 


([.2„7],[.5,.7],[.5„8]) 


([.1,.3].[.7,.8],[.4,.7]) 


u 2 


([.1,.2].[.6,.7],[.4,.7]) 


([.1,.2],[.8,.9],[.6,.9]) 


u 3 


([.3, .6], [.9,1], [.5,1]) 


([.1,.3],[.6,.8],[.6„8]) 



e 3 

([0,. 2], [.9,1], [.3, .9]) 
([0,.5],[.8,.9],[.4,.8]) 
([•2, .4], [.7, .9], [.4, .9]) 



Table7:Tabular representation of ( .11) 



U 


e i 




e 2 


Ul 


([1,1]. [0,0], [0,0]) 




([1,1], [0,0], [0,0]) 


u 2 


([1,1], [0,0], [0,0]) 




([1,1], [0,0], [0,0]) 


u 3 


([1,1], [0,0], [0,0]) 




([1,1], [0,0], [0,0]) 






e 3 






([U], 


[0,0], [0,0]) 




([1.1], 


[0,0], [0,0]) 




([1,1], 


[0,0], [0,0]) 


Table8:' 


rabular representation of i 


(4 


,Ej 


U 


ei 




e 2 


Ul 


([-3,1],[.2,.6],[. 1,.7]) 




([.2,.6].[.4,.6],[.1,3]) 


u 2 


([■2„8],[.3,.4],[.1„3]) 




([.4,1], [.2,. 5], [0,. 5]) 


u 3 


([.6,.9,[.3,.4],[.4,.8]) 




([.2„8],[.3,.6],[0„3]) 






e 3 






([•4,.9],[ 


.1,.: 


2],[.2,.5]) 




([.L.6],| 




4],[0,.3]) 




([■3,.7],[ 


.2,.. 


4],[.1,.3]) 


Table9: 


rabular representation of ' 


[fl 


E ) 


U 


ei 




e 2 


Ul 


([■4, .9], [.3, .5], [.4, .7]) 




([•7, .9], [.5, .6], [.2, .3]) 


u 2 


([.1,.4],[.2,.6],[.3,.5]) 




([•2, .5], [.5, .7], [.4, .6]) 


u 3 


([■6, .7], [.8, .9], [.3, .9]) 




([•3, .4], [.3, .4], [.5, .7]) 



e 3 



([.1,.2],[.2„5],[.3„7]) 
([•6,.8],[.5,.7],[.1,.3]) 
([•5, .8], [.5, .7], [.2, .6]) 



TablelO:Tabular representation of (/']. /;] 



U 


ei 


e 2 


Ul 


([.4,1],[.2,.5],[.1,7]) 


([■7,.9],[.4,.6],[. 1,.3]) 


u 2 


([.2,.8],[.2,.4],[.1,.3]) 


([.4,1],[.2,.5],[0„5]) 


u 3 


([■6, .9], [.3, .4], [.3, .8]) 


([.3,.8],[.3,.4],[0„3]) 




e 3 






([.4„9],[.1,.2],[.2„5]) 




([.6,.8],[.1,.4],[0,.3]) 




([.5,.8],[.2,.4],[. 1,.3]) 


Table 11 [Tabular representation of ( fl 


W)‘ 


u 


ei 


e 2 


Ul 


([■3, .9], [.3, .6], [.4, .7]) 


([•2, .6], [.5, .6], [.2, .3]) 


u 2 


([.1,4], [.3, .6], [.3, .5]) 


([•2, .5], [.5, .7], [4, .6]) 


u 3 


([•6,.7],[.8,.9],[.4,.9]) 


([•2, 4], [.3, .6], [.5, .7]) 



e 3 

([.1,. 2], [.2,. 5], [.3, .7]) 
([- 1,-7],[.5,.7],[. 1,.3]> 
([•3, .7], [.5, .7], [.2, .6]) 



Tablel2:Tabular representation of (/], ) 

are the IVNS-closed sets in (<^ A , E, r, ) . 

Theorem 3.9: Let (£ a ,E,t) be an /VW/S-topological 
space over ( £ A , E ) . Then 

1. ((„£)■ are IVNS- closed sets. 

2. Arbitrary intersection of IVNS- closed sets is 
/LAS-closed set. 

3. Finite union of IVNS-closed sets is IVNS- closed 
set. 

Proof: 1. Since ( </) ^ , E 'j,(£ a , E 'j e r , therefore 

(4,£)‘, (?,.£)' are /VW.S'-closed sets. 

2. Let ,£) : k e be an arbitrary family of 
IVNS-closed sets in (£ a ,E,t^ and let 

(f A ,E)= n (/;,£). 

keK 
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Now (/„,£)' =(n(/ i ‘,£)) =U (//,£)“ and (/ a ,e) er 
for each k E K , so U ( / A ,-E) g r . Hence (/ a ,£) c e r . 

ksK 

Thus is /VTV.S’-closcd set. 

3. Let j(/ A ,£') : i = l,2,3,...,«j be a family of 

IVNS - closed sets in and let (g A ,E) = U(/ a ,-E) • 

Now (»„,£)■ = (u(/;.*)J =n(/»' and 

(/; ,£)‘ e t for i = 1, 2,3, ...,// , so f|(/ A ,£) er. Hence 

(g A ,.E) G T . Thus is /WVS-closed set. 

Definition 3.10: Let (£ a ,E,tA and ( C a ,E,t 2 } be two 
/VTVS-topological spaces over ( C, A , E j . If each 
(f A ,E^GT 2 implies (/ a ,£’)gt 1 , then r, is called 
interval valued neutrosophic soft finer topology than r 2 
and r, is called interval valued neutrosophic soft coarser 
topology than r, . 

Example 3.11: In example 3.2 and 3.6, r, is interval 
valued neutrosophic soft finer topology than r, and r 3 is 
called interval valued neutrosophic soft coarser topology 
than fj . 

Definition 3.12: Let (4" A ,£, r) be a /LV.S'-topological 
space over (t^ A , Ej and 6 be a subfamily of r . If every 

element of r can be express as the arbitrary interval 
valued neutrosophic soft union of some elements of 6, then 
6 is called an interval valued neutrosophic soft basis for the 
/VW.S'-topology t ■ 

Example 3.13: In example 3.2, for the IVNS- 

topology 

*■, the 

subfamily 6 ={(^ ,e),(^,£),(/ /1 1 ,e),(/ a 2 ,£),(/ a 3 ,e)} 

of ((■) ( C A , E ) is a interval valued neutrosophic soft basis 
for the /V7V.S’-topology r, . 

4 Some Properties of Interval Valued Neutrosoph- 
ic Soft Topological Spaces 



In this section some properties of interval valued 
neutrosophic soft topological spaces are introduced. Some 
results on IVNSInt and IVNSC1 are also intoduced. 

Definition 4.1: Let (£ a ,E,t^ be a /L/V.S'-topological 
space and let ( f A , £ ) g fVNSS (U'.E) . The interval 
valued neutrosophic soft interior and closer of \f A ,E J is 
denoted by IVNSInt(f A ,E) and IVNSCl(f A ,E) are defined as 
IVNSInt { f A ,E) = {j{(g A ,E)^T-\g A ,E)^f A ,E)} and 
INVNSCl ( / A , £) = 

rt{(^A’ £ ) G : (f A ’ E ) ^ {8a’ E )} respectively. 



Example 4.2: Let us consider example 3.2 and take an 



IVNSS 


(/i> £ ) as 




U 


e l 


e 2 


Ul 


([.2„8],[.3,.6],[.2„8]) 


([.2,.4],[.4,.6],[.2,.4]) 


u 2 


([. 1,.6],[.4,.5],[.2„7]) 


([.2,.6],[.5,.7],[.1,.7]) 


U 3 


([•5, .8], [.5, .6], [.5, .8]) 


([. 1..4],[.4,.6],[. 1,.5]) 



e 3 

([■2, .6], [.7, .8], [.3, .4]) 

([• l-.4],[.2,.5],[. 1,.5]) 

([■2, .5], [.5, .8], [.2, .4]) 

Tablel3:Tabular representation of ( /? . I'i) 

Now IVNSInt (f A ,E) = (f l E) and IVNSCl{f A ,E) = (f' A ,E) . 

Theorem 4.3: Let (£ a ,E,t^ be a /V7V.S’-topological space 
and (f A ,E) , ( g A ,E)&IVNSS(U-,E ) then the 

following properties hold 

1. IVNSInt (f A ,E)cz(f A ,E) 

2. (f A ,E)c(g A ,E)=> IVNSInt (f A ,E)c IVNSInt (g A , E) 

3. IVNSInt (f A ,E)er 

4. (f A ,E) e t o IVNSInt(f A ,E) = (f A ,E) 

5. IVNSInt ( IVNSInt(f A ,E)) = IVNSInt (f A ,E ) 

6. IVNSInt {<j) A ,E) = </> A , IVNSInt (U A ,E) = U A 

Proof: 

1. Straight forward. 

2. ( f A , £ ) c (g A , E j implies all the IVNS - open sets 
contained in ( f A , Z?) also contained 

i.e. 

{(/a > e ) e r : (fl’ E ) <= (/v £ )} c e r : (C E ) c (g A ,£)} 
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i.e. 



U{(/,‘.£)er:(/,’,£)c(/„£)}cU{(gl,£)er:(gl,£)c(g A ,£) 
i.e. IVNSInt(f A ,E ) c IVNSInt(g a ,E) 

3. IVNSInt ( f A , E) = U{(./;,E) e= r : (f A ,E) c= (f A ,E)} 

It is clear that U{(./ A ,£) e r : (f(,E) c (/ A ,£)} e r 
So, IVNSInt(f A ,E)ez . 

4. Let (f A ,E)er , then by (1) 
IVNSInt(f A ,E)^(f A ,E). 

Now since (/ A ,£)er and (f A ,E)^(f A ,E), 
Therefore 

(f A , E) e u {( g ; , e) e t : (g A , e) c (g A , £)} = /WV5fe (/ y 

i.e, ( f A , E)^ IVNSInt (f A ,E ) 

Thus rVNSInt(f A ,E) = (f A ,E ) 

Conversly, let IVNSInt (/ A ,£’) = (/ A ,£’) 

Since by (3) IVNSInt (f A ,E^ e r 
Therefore ( f A , £ j e r 

5. By (3) IVNSInt (f A ,E)er 

By (4) IVNSInt(lVNSInt(f A , £)) = IVNSInt(f A , E) . 

6. We know that (</> A ,E^,(U A ,E^ e r 

.-. By (4) IVNSInt(<p A ,E) = <f> A , IVNSInt (U a ,E) = U a 



2. IVNSInt ((f A ,E)u(g A ,E)) 3 IVNSInt {f A ,E)yj IVNSInt (g A ,E) 

3. IVNSCl ({f A ,E)u(g A ,E)) = IVNSCl (/ A , E) u IVNSCI (g A ,E) 

4. IVNSCl((f A ,E)n(g A ,E))<=IVNSCl(f A ,E)mIVNSCl(g A ,E) 

5. (IVNSInt ( f A , E)J = IVNSCl (f A ,E) c 

6. ( IVNSCl (f A ,E)) c = IVNSInt (f A ,E) c 

Proof: 

1. By theorem 4.2 (1), IVNSInt ( /, , £ J c ( f A , £ j 
and IVNSInt(g A ,E^c:(g A ,E ). Thus 
tE fNSInt(f A . E) n IVNSInt(g A ,E)c(f A ,E)n(g A ,E) . 

Hence 

WMS’/nf (/ A , E) n /WVS/nf (g A , E) c IVNSInt ((f A , E) n (g A , E)) 

(i) 

Again since (f A ,E)rs(g A ,E)^(f A ,E) . By the- 
orem 4.2 (2), IVNSInt ((f A ,E)n(g A ,E)) c IVNSInt (f A ,E ) . 
Similarly 

IVNSInt((f A ,E)n(g A ,E)) c IVNSInt(g A ,E) 

Hence 

/ VZVS/nf ((/ A ,E)n(g A ,£)) S /VWS/nf ( / A , £ ) n / WVS/n f ( g A , E ) . . . 

(ii) 

Using (i) and (ii) we get, 
IVNSInt ((f A ,E)n(g A ,E)) = IVNSInt (f A ,E)n IVNSInt ( g A ,E ) 



Theorem 4.4: Let (£ a ,E,t^ be a /VW.S'-topo logical space 
and ( f A , £) , ( g A , £) e IVNSs ( £ ; £ J then the following 
properties hold 

1. (f A , £)c IVNSCl (f A ,E) 

2. (f A ,E)^(g A ,E)^IVNSCl(f A ,E)cIVNSCl(g A ,E) 

3. (IVNSCl (f A , E)J er 

4. (f A ,E) c Gt^IVNSCl(f A ,E) = (f A ,E) 

5. IVNSCl (IVNSCl (f A ,E)) = IVNSCl (f A ,E ) 

6. IVNSCl (<j> A , E) = </> A , IVNSCl (U a ,E)=U a 

Proof: straight forward. 

Theorem 4.5: Let (£ a ,E,t) be an /VW.S'-topological space 
on (£*,£) and let (f A ,E),(g A ,E) e IVNSs (U'E) . 
Then the following properties hold 

!• IVNSInt (( / A ,E)n(g A ,E)) = IVNSInt(f A ,E)n IVNSInt ( g A , £) 



2. Since (/ A ,£)c(/ A ,£)u(g A ,£). 

By theorem 4.2 (2), 

IVNSInt (f a ,E) c= IVNSI nt(( f A ,E)u(g A ,Ej) 

Similarly, 

IVNSInt (g A , E) c IVNSInt ((f A ,E) kj( 8 a ,E )) 

Hence 

IVNSInt ((f A ,E)u(g A , E)) z> IVNSInt (f A ,E) u IVNSInt (g A , E) 

3. Similar to 1. 

4. Similar to 2. 

5. (M»(/ a ,£)) c = (u{(* a ,E) e r : (g A ,£) c= (/„£)})' 



= n {U*- £ ) er ‘ : (/v £ )‘ s (§,,£■)} 

= IVNSCl (f A ,E) c 
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6. Similar to 5. 

Equality does not hold in theorem 4.4 (2), (4). Let us 
show this by an example. 

Example 4.6: Let U ={u l ,u 2 } , E = {e \,e 2 ,e 3 ) , 

A = {e t ,e 2 J . The tabular representation of ( C A , E ) is giv- 
en by 



u 


e i 


e 2 


Ul 


([•5, .8], [.3, .5], [.2, .7]) 


([•3,.9],[.l,.2],[0,.l]) 


u 2 


([.4,.6],[.3,.4],[.1,2]) 


([-4,.8],[. 1,.3],[. 1,.2]) 


Tablel4:Tabular representation of (£ A , E) 




The tabular representation of [<j> ; 


, e'J is given by 


U 


e i 


e 2 


Ul 


([0,0], [1,1], [1,1]) 


([0,0], [1,1], [1,1]) 


u 2 


([0,0], [1,1], [1,1]) 


([0,0], [1,1], [1,1]) 


Tablel5:Tabular representation of , E 


) 


The tabular representation of ( f A , E ) is given by 


U 


ei 


e 2 


Ul 


([■1,. 7], [.4, .8], [.3,1]) 


([•2, .5], [.7, .9], [.3, .7]) 


u 2 


([•!,. 2], [.6, .7], [.2, .7]) 


([0,.3],[.5,.8],[.4,1]) 



Tablel6:Tabular representation of (f A ,E) 



Clearly r = {(^. ,e),(4" a , e),(/ a ,e)} is a IVNS-topology 
on {C a ,E) . Let us now take two interval valued 
neutrosophic soft sets ( g A ,E ) and ( h A , E ) as 



U 


ei 


e 2 


Ul 


([.1,.6],[.4,.9],[.4,1]) 


([. 1,.5],[.7,.9],[.3,.8]) 


u 2 


([.1,.2].[.6,.7],[.2,.8]) 


([0,. 2], [.5, .9], [.4,1]) 


Tablel7:Tabular representation of ( g A ,E ) 


u 


ei 


e 2 


Ul 


([0,.7),[.5,.8],[.3,1]) 


([■2, .5], [.8,1], [.6,. 7]) 


u 2 


([.1,.2],[.6,.8].[.3,.7]) 


([0,.3],[.6,.8],[.5,1]) 



Tablel8:Tabular representation of ( h A ,E ) 

Now (g A ,E)v{h A ,E) = (f A ,E) 



IVNSlnt ((g A , E ) u (h A ,E)) = IVNSlnt {f A ,E) = (f A ,E) 
Also IVNSInt(g A ,E) = {<t> i ,E^ , IVNSlnt (h A ,E) = ($, ,e) 

IVNSlnt (g A ,E)u IVNSlnt (\,E) = [</>. ,E)u(^ f ,E) = (^ f ,e) 

Thus 

IVNSlnt ((f A ,E)v(g A ,E))* IVNSlnt (f A , E) u IVNSlnt (g A , E) . 
Therefore equality does not hold for (2). 



By theorem 4.4 (5), 

IVNSCl(g A ,E) c =(lVNSd(g A ,E)) c =(^ a ,eJ ={C a ,E). 

Similarly IVNScl(h A ,E) c =(£ A ,E) . 

Therefore 

IVNSC1( 8a , Ey n IVNSCl (h A , E) c = (C A , E) n (C A , E) = (C A , E) 

. Also 

IVNSCl (( g A ,Ej n(h A , E) ) = /VNSC/((g A , E) u (h A , E)J 

= (lVNSInt((g A ,E)v(h A ,E))Y 
= (IVNSlnt (f A ,E)Y 
= (/a-£f 

Thus 

IVNSCl ((f A ,E)n(g A ,E))* IVNSCl (f A , E) n IVNSCl ( g A ,E ) 
. Therefore equality doesnot hold in (4). 

5 Interval Valued Neutrosophic Soft Subspace 
Topology 

In this section we introduce the concept of 
interval valued neutrosophic soft subspace topology along 
with some examples and results. 

Theorem 5.1: Let be an /V7V.S’-topo logical 

space on (4" A ,E ) and ( f A , £) e >2?) ■ Then the 
collection ^ £) = {(/ A ,£)n(g A ,£) : {g A ,E) e t) is 
an /WVS-topology on ( C, A , £ ) . 



Proof: 



(i) Since ’ E ),(£ a ,E) e z 


therefore 


(/ A ,E)n(^,E) = (^,E)er te£) 


and 


{f A ,E)r^(C A ,E) = (f A ,E)sT (fAE) . 




(ii) Let (f A ,E}<=T {ftE) ,Vk&K 


.Then 


{f!’E) = (f A ’E)n(g k A ,E) where (gj,£)er 


for each 


k g K . 




Now 




U(/;,E)=U((A,E)n(g:,E)) = (/,,E)n(u( 




(since U (g^E) e r as each ( g* E) <e t . 

k<EK x 7 v 7 





(iii) Let ( f' A , E) , ( f A , e) e r (/> e) then 
(f l A,E) = (f A ,E)<^(g\,E) and 

( fA’ E ) = (fA’ E ) r '{g 2 A’ E ) where (8 A ^E),(g 2 A ,E)&T . 
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Now 

(f:^)n(/ A 2 ,E) = ((f A ,E)n(g 1 A ,E))n((f A ,E)n(g 2 A ,E)) 

= (f A ’ E ) n ((g‘A’ E ) n (g 2 A- E )) e T (f . ,E) 

(since (^,£)n(^,£)£T as [g\,E),[g 2 A ,E)ez). 

Definition 5.2: Let be an /L/V.S'-topological 

space on (£ A ,E) and ( f A , E ) e p) ( C A , E j . Then the 
I VNS -topology t (/ aE) = {(f A ,E)n(g A ,E):(g A ,E)ez} 
is called interval valued neutrosophic soft subspace 
topology and yf A ,E,z^ f l:) j is called interval valued 
neutrosophic soft subspace of A ,E,z) . 



e 3 



([•2,.5],[.5,.8],[.4,.9]) 

([0,.3],[.6,.9],[.2,.7]) 

([•1,.3],[.7,.9],[.5,.7]) 



Table21:Tabular representation of ( g l A ,E) 



{g;,E)=(f A ,E)n(f;,E): 



u 


e i 


e 2 


Ul 


([•4,6], [.6,7], [.4,9]) 


([■2,3], [.4,6], [.7,9]) 


u 2 


([•2,3], [.4,8], [.5,7]) 


([.4,6], [.4,5], [.2,5]) 


u 3 


([■3,7], [.4,6], [.6,7]) 


([■4,5], [.7,9], [.6,7]) 



e 3 



Example 5.3: Let us consider the IVNS-topology 
in example 3.2 and an IVNSS ( f A 



([•3, .5], [.5, .8], [.2, .3]) 
([.1,3], [.5. .7], [.6. .8]) 
([.1,3], [.7,9], [.3,8]) 



U 


ei 


e 2 


i aDiezz: i aouiar representation or ^ , 




Ul 


([■4,6], [.6,7], [.3,5]) 


([•5,7], [.4,6], [0,3]) 




II 




u 2 


([.2,3], [.3,6], [.5,7]) 


([.6,8], [.4,5], [.2,3]) 


u 


ei 


e 2 


u 3 


([.5,7], [.4,6], [.3,4]) 


([.4,5], [.7,9], [.6,7]) 


Ul 


([■1,6], [.6,8], [.4,1]) 


([■1,3], [.4,6], [.7,9]) 








u 2 


([•1,3], [.6,8], [.5, 8]) 


([0,5], [.4,5], [.4,1]) 




e 3 




U 3 


([•3,7], [.4,6], [.6,9]) 


([0,3], [.7,9], [.6,8]) 



([•3, 5], [.5, 8], [.2,3]) 
([•5, 8], [.5,7], [.2,3]) 
([•1,3], [.7, 9], [.5,7]) 

Tablel9:Tabular representation of ( / ' . /;) 



e 3 

([.2,5], [.5,8], [.4,9]) 
([0,3], [.6,9], [.6,8]) 
([■1,3], [.7, 9], [.5, 8]) 



Then ,e) = (/ 4 ,£)n ,e) : 



U 


ei 


e 2 


Ul 


([0,0], [1,1], [UD 


([0,0], [1,1], [1,1]) 


u 2 


([0,0], [1,1], [UD 


([0,0], [1,1], [1,1]) 


u 3 


([0,0], [1,1], [1,1]) 


([0,0], [1,1], [1,1]) 



e 3 



Table23: Tabular representation of 

( g :,£) = (/„£)n (/;,£): 

U e, e 2 

uj ([-2,5], [.5, 8], [.4,9]) ([-2, 5], [.5, 8], [.4,9]) 

u 2 ([0,3], [.6,9], [.6,8]) ([0,3], [.6,9], [.6,8]) 

u 3 ([.1,3], [.7,9], [.5, 8]) ([-1,3], [.7,9], [.5, 8]) 



([ 0 , 0 ], [ 1 , 1 ], [ 1 , 1 ]) 
([0,0], [1,1], [U]) 
([0,0], [1,1], [1,1]) 

Table20:Tabular representation of ( o , E\ 



(g\,E) = {f A ,E)^{f A ,E): 



u 


ei 


e 2 


Ul 


([.1,6],[.6,.7],[.3,1]) 


([.1,.3],[.4,.6],[.2,.6]) 


u 2 


([.1,.3],[.6,.7],[.5,.8]) 


([0, .5], [.4, .5], [.4,1]) 


u 3 


([.4,.7],[.4,.6],[.6,.9]) 


([0,.3],[.7,.9],[.6„8]) 



e 3 

([■3, 5], [.5, 8], [.2,3]) 

([.1,3], [.5,7], [.2, .7]) 

([.1,3], [.7,9], [.5,7]) 

T able24 : T abular representation of ( g* A , E j 

Then r<4l) ={(^,E),(f A ,E),(g l A ,E),(g 2 A ,E), 
(§',£■)} is an interval valued neutrosophic soft subspace 
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topology for r, and (^f A ,E,r {f is called interval 
valued neutrosophic soft subspace of [C, A , E, ) . 

Theorem 5.4: Let (tjj A ,E, r) be an /LA'.S'-topological space 
on ( L,, , E ) , B be an IVNS - basis for r and 
(f A ,E)ep(£ A ,E) . Then the family 
B (/ A , £ ) = {(/A’ £ ’) n (^A>- E ) : (.?A’- E ) GB } is an ly NS - basis 
for subspace topology f E ^ . 

Proof: Let ( h A ,E^G Zj ; be arbitrary, then there exists 
an IVNSS ( g A ,E)<=r such that 

(h A ,E) = (f A ,E)m(g A ,E) . Since B is a basis for r , 
therefore there exists a sub collection ^x‘ A ,E^) : i e /j of 
B such that (g A ,E) = u(z a ,e) . 

i<=/ ' ' 

Now 

(K’E) = (f A ’E)^{g A ,E) = Kj( Z ‘ A ,E) = Kj((f A ,E)^(x i A ,E 

tel N ' te/ v N 

. Since (f A ,E)r\(%' A ,E)e. B ( ^ £) , therefore B (/ ^ is an 
IVNS - basis for the subspace topology f . 

Conclusion 

In this paper we introduce the concept of interval 
valued neutrosophic soft topology. Some basic theorem 
and properties of the above concept are also studied. IVN 
interior and IVN closer of an interval valued neutrosophic 
soft set are also defined. Interval valued neutrosophic soft 
subspace topology is also studied. 

In future there will be more research work in this 
concept, taking the basic definitions and results from this 
article. 
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